Abstract. Gaia is a cornerstone mission which will provide proper motions, parallaxes and spatial distributions for very large samples of stars. Therefore it will substantially improve our understanding of the Galaxy and all its components, halo, bulge and disk. Here we focus on the galactic bulge for which the expected color-magnitude diagrams and luminosity functions are simulated. In Baade's Window seen in the direction of the galactic bulge, we expect to get photometric data down to V = 20 mag for more than 10 6 stars per square degree and information on metallicity for about 10 4 -10 5 stars per square degree. This huge amount of data will allow us to properly answer the following questions: (1) Is the mass distribution inside the bulge axisymmetric or triaxial? Which are the values of the major axis, axial ratios and position angle of the bar (if any)? (2) What is the metal content of the bulge stars? (3) What is the age of stellar population inside the bulge? A preliminary discussion of the above topics is shortly presented in this note.
INTRODUCTION
Gaia is designed to provide high precision determinations of positions, proper motions, parallaxes and magnitudes for about 10 9 objects down to V = 20 mag in our own Galaxy. In addition to this, information on metallicity will be available for about 10 7 objects down to V -17 mag. This large body of data of unprecedented quality will surely revolutionize our knowledge of the Galaxy.
In this paper we focus on the galactic central bulge and deal with a few topics that will greatly benefit from the Gaia data. Despite the efforts made in the recent past, many questions about the structure of the Galaxy still remain open (see, for instance, the review by Perryman et al. 1997 ). The formation process, age, metal content and mass distribution of the galactic bulge are key subjects to be addressed.
It is not clear whether the formation of the bulge preceded that of the disk, as predicted by Larson's (1990) inside-out scenario, or it happened simultaneously with the formation of the disk, by accretion of dwarf galaxies, or finally it followed the formation of the disk, as a result of the dynamical evolution of a bar (see the reviews by Wyse et al. 1997 , Silk & Bowens 1999 .
Since the bulge does not seem to be dynamically relaxed, it can keep memory of the formation event. Therefore, large scale surveys of proper motions and photometric data inside the Bulge can cast light on the orbital distribution function. With the distance known, true space velocities and orbit integrations can follow, thus providing clues to test current dynamical theories of formation (Wyse 1997) .
All extant theories of the bulge formation make detailed predictions about ages, age spread and metallicity of its stellar content. Different scenarios may lead to contradictory results if the age, metal content and mass distribution of stars inside the bulge are not properly taken into account.
Gaia will enable us to obtain magnitudes, colors and metal content for large samples of stars, thus bringing a new leverage to the problems above.
SIMULATING THE GALACTIC BULGE FOR GAIA
In this section we present our basic tool to simulate colormagnitude diagrams (CMDs) and luminosity functions (LFs) of stellar fields as they will be seen by Gaia. Only the bulge population is presented. Left panel: dashed lines represent the expected fraction of stars having parallaxes measured with errors dp/p< 0.1, 0.15, 0.2, 0.25 (moving from left to right) and magnitudes F<18. Right panel: the same but for dp/p< 0.5, 0.6, 0.7, 0.8 and magnitudes ^>18.
The task is accomplished with the aid of the so-called HRDGalactic Software Telescope originally developed by Ng et al. (1995 Ng et al. ( , 1996 , Bertelli et al. (1995) and continuously refined over the years till the last version due to Schmidtobreick et al. (1998) and Vallenari et al. (1999a,b,c) .
HRD-GST is a package suitably designed to study the structure of the Galaxy by deconvolving the cumulative CMD and LF of stellar fields observed along any direction. Conversely given a suitable model of galactic structure (mass distribution, star formation, reddening, etc.), HRD-GST makes detailed predictions about the CMD and LF that one would observe along any line of sight. The synthetic HRDs are calculated by means of the Padova library of stellar tracks: Girardi et al. (1996) for Z = 0.0001, Bertelli et al. (1990) for Z = 0.001, Bressan et al. (1993) for Z = 0.020, Fagotto et al. (1994a,b,c) for Z = 0.0004, 0.004, 0.008, 0.05 and 0.10.
Three different kinds of stellar populations are used alternatively to simulate the stellar content of the bulge:
(1) an old population (11-12 Gyr), with metallicity from Z -0.001 to Z = 0.05;
(2) also old population (11-12 Gyr), with metallicity from Z = 0.005 to Z = 0.05; (3) a younger and metal-rich component with ages from 7 to 10 Gyr and metallicity from Z = 0.008 to Z = 0.05.
The mass distribution, which we have adopted to the bulge model, will be discussed in some detail in Section 5. The simulations are made taking into account the contamination by disk and halo stars. Finally, we assume for the Sun's galactocentric distance the value of 8 kpc and take the interstellar reddening distribution from Ng et al. (1996) .
STAR COUNTS IN BAADE'S WINDOW
With these assumptions by HRD-GST we derive the expected number of stars towards Baade's Window of the bulge. This simulation is made taking into account the errors of magnitudes and parallaxes predicted for Gaia (Lindegren 1998) .
As an illustration, in Fig. 1 we show the number of stars per square degree and magnitude bin expected in Baade's Window limited to case of the model Triaxial B1 in Table 1 and stellar population of the bulge composed by the mixture of stars corresponding to case (3) above. The effects of different errors dp/p on the parallax are also shown. Fig. 2 displays the expected CMD towards Baade's Window down to V = 18 mag. In this CMD both disk and bulge stars are present in suitable proportions. As already is evident from Fig. 1 , the vast majority of RGB and AGB stars of the bulge and a considerable fraction of the clump stars brighter than V = 16 mag will be observed with parallax error lower than dp/p < 0.1, and for V = 17 mag with dp/p < 0.2.
If V -20 mag was the limiting magnitude of Gaia, the RGB and AGB stars would be observable inside Baade's Window down to magnitudes affected by extinction as large as Ay ~ 5 mag. These stars are therefore very good potential tracers of structure and stellar content (star formation). Fig. 2 . Simulated CMD of the bulge and disk population towards Baade's Window down to V = 18 mag. The field of view is 0.14x0.14 square degrees. Stars having different errors in the parallax are indicated by different symbols: open squares for dp/p < 0.1, dots for 0.1 < dp/p < 0.2 and filled squares for dp/p > 0.2.
Recalling that the expected limiting magnitude of Gaia will mainly depend on whether high resolution spectroscopy (V = 15 mag) or photometric indices/low resolution spectroscopy (V = 17 mag) modes will be adopted, the following estimates for star counts in Baade's Window are possible by the above simulations. We estimate that for the limiting magnitude V = 17, Gaia will detect about 5.2 xlO 4 stars per square degree with parallax uncertainty dp/p < 0.2.
METALLICITY OF THE BULGE
The pattern of chemical abundances observed in a stellar system bears much information on its stellar formation process. Rapid formation of the bulge implies that the bulk of its stellar content ought to display «-enhanced abundances as expected when only type II supernovae contribute to the enrichment process. Contrary, slow formation would imply that the vast majority of stars have [a-elements/Fe] = 0.0 as expected when both type II and type I supernovae are at work. See Matteucci (1999) for a general review of the subject.
Spectroscopic determining of chemical abundances of stars in the central bulge is a difficult problem, since the brightest objects are at V « 15 mag, i.e. at the limit of 4 meter telescopes for high resolution studies. Also, high quality photometry is needed to obtain colors and reddening. Furthermore, the large spread in the metal content among bulge stars makes it difficult to break the age-metallicity degeneracy.
The abundances of «-elements in bulge stars are known for an handful of objects. McWilliam & Rich (1994) derive a-enhanced abundances from the high resolution spectroscopy of 12 bulge stars. Recently the same result has been obtained by Barbuy et al. (1999) for three stars in bulge clusters. However, these results need to be confirmed on much more numerous samples of stars.
The early result by Rich (1988) There are a number of aspects in which the advent of Gaia will help much improving the current state of art of the problem. First, Gaia will provide large data samples of low resolution spectra that are basic to subsequent high resolution studies. Second, it will make possible to derive estimates of the metal content for very large samples of stars. This is a fundamental step towards meaningful determinations of age.
Recalling once more the possible limiting magnitudes of Gaia, it is easy to show that down to V -17 (low resolution spectroscopy and/or narrow band photometry), the information on the metal content inside Baade's Window will be obtained for about 10 4 -10 5 stars per square degree.
SHAPE OF THE GALACTIC BULGE
There is a substantial evidence for a bar in the Galaxy: distribution of the near infrared radiation, counts of various sources, morphology and kinematics of the atomic and molecular gas and, probably, the large optical depth to micro-lensing (see Gerhard 1996, Kuijken 1996 for reviews, Unavane & Gilmore 1998ab, Zhao et al. 1998 , Freudenreich 1998 Dejonghe 1998 among others) . However, the detailed shape, orientation and length of the bar are still a matter of debate. It is not even clear whether a distinction should be made between the barred bulge and the bar in the disk.
Several models for the mass density distribution in the bulge have been proposed over the years -from spherical to triaxial symmetry. In our Galaxy Model the following alternatives are considered, since each of them is found to match a particular set of data:
(1) A simple power law with index n = 3 as in Ng et al. (1997) . In this formulation, the possible flattening of the spheroid perpendicularly to the galactic plane is a free parameter.
(2) The Cobe-Dirbe oblate spheroidal GO-model of Dwek et al. (1995) . It is a Gaussian type function, with axial ratios 1:1:0.56, similar to the values derived from the infrared maps by Kent et al. (1991) and Weiland et al. (1994) .
(3) The Cobe-Dirbe constrained triaxial model by Kent et al. (1991) , as modified according to model G2 by Dwek et al. (1995) . It is a boxy Gaussian model, with axial ratios 1: 0.22: 0.16. Hereafter, this model is referred to as the B2 model.
(4) The triaxial model introduced by Binney et al. (1997) to fit the Cobe-Dirbe data with the best fit of parameters by Bissantz et al. (1997) . The axial ratios are 1:0.6:0.4. This model hereafter is referred to as the triaxial B1 model.
(5) The exponential triaxial function according to model E2 by Dwek et al. (1995) based on the Iras data for Mira variables (Whitelock et al. 1991) . The axial ratios are 1:0.18:0.39. This model is proposed by Dwek et al. (1995) as giving the most reliable fit to the Cobe-Dirbe observations. Hereafter it is referred to as the E2 model. Models Bl, G2 and E2 assume that the bar is truncated at the co-rotation radius of 2.4 kpc .
The angle between the Sun-center line and the major axis of the bar varies from 25° (Bissantz et al. 1997 ) to 20 ° as in the G2 model of Dwek et al. (1995) or even to 33° as in case of the E2 model by the same authors.
The obvious reason why it is so difficult to derive the shape of the galactic bar is that three-dimensional distributions cannot be uniquely recovered from projected surface distributions such as the Cobe-Dirbe maps. In addition to this, bars with the same threedimensional density distribution could have different pattern speed. No unique solution can be found using only one-velocity component diagrams, unless the gravitational potential is known. This is caused by the fact that the velocity dispersion in star motions smears out the effects of the bar on the distribution function (Vauterin & Dejonghe 1998) . However, numerical simulations have shown that using proper motions and distances for about 1000 stars it is possible to discriminate between triaxial and axisymmetric models (Vauterin & Dejonghe 1998 ).
These simulations are based on present-day errors of distances and proper motions. Gaia will provide much more precise data. Indeed more than 10 5 stars per square degree in Baade's Window will be measured down to V = 17-18 mag with the errors of distances smaller than 20 %.
It will be possible therefore not only to unambiguously distinguish between axisymmetric and triaxial distributions, but hopefully also to put constraints on which triaxial model ought to be preferred.
As an illustration, in Fig. 3 we show three different distributions of stars along the line of sight towards Baade's Window. They correspond to three different models of mass distribution in the bulge: models G2, E2 and Bl. The three distributions differ in between at 99 % confidence level.
In summary, coupling the information given by Gaia on distances and proper motions along different directions in the bulge with the available maps of projected surface distribution, one can put constraints on three-dimensional mass distribution inside the bulge.
AGE OF THE BULGE
Determining of the age and age spread of stellar populations in the bulge is of paramount importance as it would provide clues on the mechanism of Galaxy formation. There is no general agreement on the age and age spread for the stars of the galactic bulge (see Rich 1992 for recent reviews on the subject). While all determinations of ages agree that the bulge ought to be older than 5-8 Gyr, they diverge on whether the presence of a component substantially younger than 15 Gyr is required (cf. Renzini 1993 , Rich 1988 , Terndrup 1988 , Holtzman et al. 1993 .
Several causes make it difficult to derive firm ages for the bulge stars by means of CMDs and LFs in the magnitude interval 15 < V < 17. Among others, we recall the age-metallicity degeneracy, errors of photometry, the presence of binary stars blurring the turnoff, contamination by disk stars and the uncertainties on reddening along the line of sight.
There is an additional aspect to consider, which is usually neglected, is the spatial distribution of the bulge stars along the line of sight due to intrinsic shape of the bulge itself. Indeed, current estimates of the age stand on the implicit assumptions that the bulge is spherically symmetrical and that all stars are at the same distance. However, the effect of non-spherical shape of the bulge on age determination is not negligible. Simulations of the CMD for stellar populations with different spatial distributions show that the magnitude of the turn-off and the main sequence termination stage depend on spatial distribution of bulge stars. Table 1 presents the expected turn-off magnitude at different mass distributions and limited to the case of young population (item (3) in Section 2). The older population of case (2) would give turn-off magnitudes 0.35 mag fainter. We find that changing the mass distribution has a sizable effect on the turn-off magnitude, e.g. from 19.45 mag (power law) to 20.05 mag (triaxial E2). Therefore, neglecting the effect of the mass distribution in determining the age of the bulge stars may yield misleading results.
Giving the distribution of stars along the line of sight, Gaia will substantially reduce the uncertainties in the age determination of the bulge population.
CONCLUSIONS
Using the HRD-GST we have simulated CMDs and LFs of the bulge stars, with particular attention to the kind of information that will be achievable thanks to the high performances planned for Gaia.
Four main topics have been addressed here:
(1) Prediction of the luminosity function towards Baade's Window as a function of the precision in distance determinations. It is shown that highly accurate parallaxes, distances, proper motions and magnitudes will be acquired by Gaia for more than 10 6 stars per square degree.
(2) The vast majority of RGB and AGB stars and a significant fraction of the clump stars in Baade's Window will be measured photometrically with a precision higher than 10-15%. Indeed, assuming Mim = 20 for Gaia, AGB and RGB stars can be detected over a range of 5 magnitudes.
(3) The intrinsic shape of the galactic bulge (not yet firmly known) results into distribution of stars (number of objects per solid angle of 1 square degree along the line of sight) which can be easily checked by observational data. This will be feasible for Gaia.
(4) Finally, the intrinsic shape of the bulge affects also its age determination. The effect is sizable and cannot be neglected.
